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ANTERIOR 
CRUCIATE 
LIGAMENT 
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CRUCIATE 
LIGAMENT 




FEMORAL 
COMPONENT 

PARTIALLY 
CONFORMING 
BEARING 
SURFACES 

BEARING 
COMPONENT 

TIBIAL 
PLATE 



MECHANISMS FOR PROVIDING ANTERIOR-POSTERIOR STABIUTY IN A TKR. 

fig.I 




POSTERIOR 
SOFT TISSUE 
STRUCTURES 



THE-POSTERIOR STABILISED CONCEPT WHERE A FEMORAL CAM AND TIBIAL 
PLASTIC POST INTERACTTO PRODUCE FEMORAL ROLL-BACK IN HIGH FLEXION. 



Rg.2 
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THE LEVER ARM OF A MUSCLE (QUADRICEPS Q. HAMSTRINGS H) IS DEFINED 
AS THE PERPENDICULAR DISTANCE BETWEEN THE MUSCLE AND THE CONTACT POINT 

Fig.3 




IN ATKR WITH RELATIVELY HIGH CONFORMITV BETWEEN THE BEARING 
SURFACES. LARGE ANTERIOR-POSTERIOR SHIFTS IN THE CONTACT POINTS CAN 
OCCUR FOR ONLY SMALL RIGID BODY DISPLACEMENTS. 
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FEMORAL 

GUIDE 
SURFACE 




CONTACT 
POINT AT 

ZERO 
FLEXION 



FEMORAL 
COMPONENT 



BEARING 
COMPONENT 



TIBIAL PLATE 




CONTACT 
POINT AT 90 
DEGREES 
FLEXION 



T/PICAL INTERCONDYLAR GUIDE SURFACES WHICH CONTROL THE CONTACT POINTS IN THE 
ANTERIOR-POSTERIOR DIRECTION. THE CONTACT POINT MOVES FROM ANTERIOR 
TO POSTERIOR AS THE KNEE FLEXES FROM ZERO TO 90 DEGREES. 



Rg.5 
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BEARING COMPONENT FIXED TO PLATE 



INTERCONDYLAR GUIDE SURFACES APPUED 
TO A FIXED BEARING KNEE. THE TIBIAL 
BEARING SURFACES NEED TO HAVE SUFRCIENT 
LACK OF CONFORMITY TO ACCOMMODATE 
THE ANTERK)R-P0STERI0RTRANSU\T10N. 




BEARING COMPONENTS SLIDE ON PLATE 



II^RCONDYLAR GUIDE SURFACES 
APPUED TOA MOBILE BEARING KNEE. 
THE FEMORAL-TIBIAL BEARING SURFACES 
CAN BE CLOSEiy CONFORMING. 



Fig.6 FigJ 
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FEMORAL 
GUIDE 
SURFACE 
FGS 

FEMORAL 
BEARING 
SURFACE 

TIBIAL 
GUIDE 
SURFACE 
TGS 

TIBIAL 
BEARING 
SURFACE 

GENERAL 
POINT ON 
FEMORAL 

GUIDE 
SURFACE 




BEARING 
COMPONENT 



TIBIAL 
PLATE 



DEFINITION OF THE GEOMETRY OF A GENERAL FEMORAL GUIDE SURFACE. THIS GUIDE 
SURFACE IS USED TO GENERATE THE TIBIAL GUIDE SURFACE. THE MOST IMPORTANT 
DEFINITIONS ARE: 0 IS THE CENTER OF THE FEMORAL BEARING SURFACE. P IS THE CENTER 
OF THE FEMORAL GUIDE SURFACE AT ECCENTRICITY EC AND ANGLE TH FROM THE HORIZONTAL 



fig.8 
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POINT OF MINIMUM Y 



SYNTHESIS OF THE TIBIAL GUIDE SURFACE FROM THE 
ACCUMULATION OF POINTS OF THE FEMORAL GUIDE SURFACE AS 
THE FEMUR FLEXES FROM ZERO TO MAXIMUM. 

Fig.9 




MODIFICATION OF THE DETERMINATION OF THE LAXITIES 

FEMORAL GUIDE SURFACE . IN THE ANTERIOR AND 

TO REDUCE LAXITY POSTERIOR DIRECTIONS. 

FiglO Fig.ll 
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18 RAD 




23 RAD 



THE SAGITTAL PLANE DIMENSIONS OF THE 
FEMORAL AND TIBIAL BEARING COMPONENT 
USED IN THE FOLLOWING FIGURES. 
THESE ARE TOPICAL DIMENSIONS 
ONLY. AND OTHER GENERALLY SIMILAR 
DIMENSIONS ARE APPLICABLE ALSO. 



36 RAD 



Fig. 12 




THE GENERAL PAHERN OF THE LOCATIONS OF THE 
CONTACT POINTS (INDICATED BY ARROWS) DURING 

FLEXION FROM 0 DEGT0 120 DEC. IN EXTENSION 
THE CONTACT IS ANTERIOR OF THE BOHOM OF THE 
TIBIAL DISH. AT 15 DEG AND 30 DEG THE CONTACT 
IS AT THE BOnOM OF THE DISH. FROM 60 DEG TO 

120 DEG THERE IS A POSTERIOR DISPLACEMENT, 
MORE RAPIDLY AS FLEXION PROCEEDS. 



fig. 13 
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ECCENTRICITY 



ECCENTRICITYn 
_ DIRECTION 




TIBIAL BEARING 
SURFACE 

THE INITIAL FGS IS DEFINED AS A 
CIRCLE WITH ECCENTRICITY ANGLE 30 DEC 
AND ECCENTRICITY 5 MM 




THE FEMORAL COMPONENT WITH ITS FGS 
IS PLACED INTO THE REQUIRED SUCCESSIVE 
POSITIONS ON THE TIBIAL BEARING SURFACE 





THE FGS IS THEN MODIRED BY ADDING 
MATERIAL ANTERIORLY AND POSTERIORLY 



THE OUTER LOCUS OF THE FGS DERNES 
THE TGS. WITH THE ANTERIOR AND 
POSTERIOR HEIGHTS SPECIFIED 




THESE FIGURES SHOW 
THE REDUCTION IN 
LAXITY PRODUCE BY 
THE MODIFICATION TO 
THE FGS, AT 15 DEG AND 
AT115DEG FLEXION 




THE METHOD FOR GENERATING THE TGS FROM AN INITIAL FGS. ILLUSTRATED GRAPHICALLY. 



ECCEI^RICITY 
DIRECTION 






ABOVE THE FEMUR IS 
PREVENTED FROM DISPLACING 
POSTERIORLY BUT CAN 
DISPLACE ANTERIORLY. 
HOWEVER THE ANTERIOR RAMP 
OF THE BEARING SURFACES WILL 
LIMIT ANTERIOR TRANSLATION 



ANTERIOR TRANSLATION OF 
THE FEMUR IS PRODUCED 
FROM 15 TO ODEG FLEXION 



COMPLETE AP CONTROL 





COMPLETE AP CONTROL 




THE GUIDING 
SURFACES DO NOT 
PRODUCE POSTERIOR 
DISPLACEMENT 
FROM 115 T0 120 
DEG FLEXION 



GUIDING SURFACES GENERATED WITH THE ECCENTRICITY ANGLE AT 30 DEGREES 
BELOW TH HORIZONTAL AND AN ECCENTRICITY OF 5 MM. CORRECTIONS HAVE BEEN 
MADE AT EACH END OFTHE FGSTO IMPROVE FIT WITHTHETGS. 




Fig. 15 
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WHEN THE ECCENTRICITY DIRECTION IS ABOVE THE HORIZONTAL (ARROW), 
THE CONTACT POINTS ARE POSTERIORLY DISPLACED AFTER ABOUT 90 DEGREES FLEXION. 
AND THERE IS CONTROL OF ANTERIOR-POSTERIOR DISPLACEMENT. AT FLEXION , 
ANGLES LESS THAN THIS, THERE IS NO CONTROL OF THE DISPLACEMENTS. 

Fig.l6 




WHEN THE RADIUS OF THE FGS IS REDUCED AND THE ECCENTRICITY INCREASED. 
POSTERIOR DISPLACEMENT IS INDUCED AFTER AROUND 90 DEGREES FLEXION. 
THIS IS THE PRINCIPLE OF THE POSTERIOR STABILISED TYPE OF DESIGN. 
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WHEN THE ECCENTRICITY ANGLE IS 90 DEGREES BELOW THE HORIZONTAL, THERE IS 
ANTERIOR TRANSLATION AS THE KNEE EXTENDS FROM 15 TOO DEGREES. THERE IS FULL 
CONTROL OF THE TRANSLATIONS UP TO AROUND 30 DEGREES FLEXION. AFTER AROUND 
45 DEGREES THERE IS NO CONTROL OF THE TRANSLATIONS. 




WHEN THE RADIUS OF THE FGS IS REDUCED AND THE ECCENTRICITY INCREASED, 
ANTERIOR-POSTERIOR TRANSLATION IS CONTROLLED IN THE FIRST 30 DEGREES 
OF FLEXION. ANTERIOR FEMORAL TRANSLATION IS CONTROLLED UP TO AROUND 
45 DEGREES AFTER WHICH THERE IS NO CONTROL OF THE TRANSLATIONS. 

Fig.l9 - 
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ANTERIOR-POSTERIOR 
CONTROL IN 
EARLY aEXION 





NO ANTERIOR-POSTERIOR MOTION CONTROL IN THE MID RANGE FLEXION 




ANTERIOR-POSTERIOR CONTROL IN HIGH FLEXION 

TWO SEPARATE PAIRS OF GUIDE SURFACES OF THE CONVEX FEMORAL / CONCAVE TIBIAL 
TfPl. ONE CONTROLUNG ANTERIOR-POSTERIOR DISPLACEMENT TOWARDS EXTENSION. 
THE OTHER IN HIGH FLEXION. IN THE MID-RANGE. THE DISPLACEMENT IS CONTROLLED TO 
SOME EXTENT BY THE PARTIAL CONFORMITY OF THE FEMORAL-TIBIAL BEARING SURFACES. 



Fig.20 
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ANTERIOR DISPLACEMENT INDUCE 
FROM 15 TOO DEC FLEXION 




TWO SEPARATE PAIRS OF GUIDE SURFACES WITH MODIRED RADII AND ECCENTRICITY, TO 
PRODUCE POSTERIOR DISPLACEMENT IN HIGH FLEXION AND ANTERIOR DISPLACEMENT 
TOWARDS EXTENSION.THE DISPLACEMENT INTWE MID-RANGE IS CONTROLLED TO SOME 
EXTENT BY THE PARTIAL CONFORMITY BETWEEN THE FEMORAL AND TIBIAL BEARING SURFACES. 

Fig.21 
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THIS SOLUTION USES TWO PAIRS OF GUIDE SURFACES. THE ANTERIOR SURFACES 
CONTROL ANTERIOR-POSTERIOR DISPLACEMENT UP TO 30 DEGREES FLEXION. 
THE POSTERIOR SURFACES INDUCE POSTERIOR FEMORAL DISPLACEMENT FROM 
90 DEGREES FLEXION. THIS SOLUTION USES THE MOST ADVANTAGEOUS HPE OF 
GUIDE SURFACES FOR THE REQUIRED BEHAVIOUR IN FLEXION AND EXTENSION! 

Fig.22 
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THE INCORPORATION OF DIFFERENT SHAPED LATERAL AND 
MEDIAL TIBIAL SURFACES TO ACHIEVE BOTH ROTATION AND TRANSLATION 




T>IE CONDYIAR SURFACES ARE SUCH THATTHERE IS LIMITED AP DISPLACEMENT 
ON THE MEDIAL SIDE. AND 10-16 MM DISPLACEMENT ON THE LATERAL SIDE. THE GOAL 
IS TO BIAS THE MOTION SUCH THAT IN EXTENSION, THE CONTACT POINTS ARE CENTERED 
ON E. AND IN FLEXION. CENTERED ON F. THE INTERACTION OFTHE GUIDE SURFACES PRODUCES 
ANTERIOR DISPLACEMENT IN EXTENSION. AND POSTERIOR DISPLACEMENT IN FLEXION. 
BECAUSE THE MEDIAL DISPLACEMENT IS UMITEDTHERE IS ADDITIONAL DISPUCEMENT ON 
THE U^TERAL SIDE. THIS ACTION WILL MIMIC THE ROTATIONAL AND DISPLACEMENT BEHAVIOUR 
OF THE NATURAL KNEE. AND WILL ASSIST IN PROCING A HIGHER RANGE OF FLEXION. 



Fig.23 
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KNEE PROSTHESIS HAVING GUIDE SUBFACES 
FOR CONTROL OF ANTERIOR-POSTERIOR TRANSLATION 

FIELD OF T HF^ ^NVRNTIf^N 

Tliis invention relates to a total knee replacement prosthesis (TKR). Total 
knee replacement involves the surgical removal of the entire natural knee bearing 
surfaces and their replacement with artificial femoral and tibial components. Condylar 
TKRs usually concise (a) a femoral con^nent having a pair of cond^ surfaces, 
generally resembfing the natural joint sur&ces, (b) a tibial conqx)nent having a tibial 
platfonn fixed to the resected upper tibia, and (c) a bearing con^nent usually of low* 
fiiction plastic material interposed between the femoral condylar surfaces and the tibial 
platform. The bearing con5X)nent generaDy has dished surfaces for receiving the 
cond)1ar sur&ces of the femoral conq)onent. In 'fixed bearing' TKR designs, the 
plastic bearing component is fixed to the tibial platform. In "mobile bearing' designs, 
the bearing component is allowed to rotate and/or translate on a polished upper 
surface of the tibial platfona 

In an these types of TKR, anterior-posterior stability is provided by partial 
confonnity between the femoral and tibial bearing sur&ces, and sometimes in addition 
by retention of the posterior cruciate ligament or even by retention of both the 
posterior and anterior cruciate ligaments (Fig. 1). In some designs, called stabifisers, 
posterior stabilised^ or posterior cruciate-substituting, some of the anterior-posterior 
stability is provided by an nxtercondylar cam. More particularly, these designs prevent 
forward subluxation of the femur on the tibia and also provide forced femoral rollback 
at high flexion (Fig. 2). The invention is concerned witii a type of TKR where the 
anterior-posterior translation of the femoral component relative to the titnal platfonn 
during flexion-extension is controlled by intercondylar 'guide surfaces'. The invention 
can be applied to fixed bearing or mobile bearing designs. 

In order to synthesise intercondylar guide surfaces, it is necessary to define first 
of all what is the desirable relative motion between the femoral conqx)nent and the 
tibial platfonn. It is necessary to distinguish between rigid body motion, which 



would be defined by the relative motion between a femoral origin and a tibial origin, 
and movement of the femoral-tibial contact points, which are independent of the 
femoral and tibial axis systems. We will focus on conUct points. If there is rotation 
of the fennir about the long axis of the tftna, the contact points wiD be in different 
anterior poations. In this case the average position of the contact point viewed in the 
sagittal plane of the tiWa will thus be considered as the 'contact point'. 

During passive flexion of the natural knee, the contact point moves from 
anterior to posterior, as rqjresented by AP in Figure 3. Tliis motion is determined by 
the shape of the condylar surfices and by the cnidate figaments.^ During different 
fanctions, the motions of the contact points will not necessarily correspond with the 
sinq>le passive motion case described above, due to the anterior-posterior shear 
introduced by ertemal forces and muscle forces. Nonetheless the mnp]t case can 
usefully be used as a reference. The total posterior displacement of the contact point 
as the knee flexed from 0 -\2(f can be in the range 10-16 mm Certain advantages 
of contact point location can be stated. At hed-strike in walking, there is an 
extending moment on the knee, equilihrated by the hamstrings. An anterior contact 
point is an advantage to provide a large lever arm for the hamstrings. In mid-stance, 
there is a flexmg moment on the knee, equihbrated by the quadriceps, for which a 
central-posterior contact point provides an increased lever arm. Tht higher the angle 
of flexion and the flexion moment, as in stair climbing, the more posterior the contact 
point is an advantage. Finally, in order to maximise the range of flexion of the knee, a 
very posterior contact pomt is an advantage to avoid blockage of motion by the 
posterior soft tissues. 

Ideafly, a TKR should produce the motion described above, ahhough a smafl 
amount of anterior-posterior laxity, such as 2-3 mm, might be permitted or even 
desirable in order to avoid a rigid control of motion which could cause loosening. On 
the other hand, excessive laxity is undearable as it would mcrease wear. 

Contemporary TKKs do not necessarily achieve the ideal motion proposed. 
For example, the motion of the contact points of relatively low confonnity designs 



3 



depends upon the surgical technique in regard to conqwnent placement and ligament 
tensions. In more conforming designs, there is not ahvays a mechanism for achieving 
posterior contact points in high. Even in the posterior stabilised designs, there is no 
mechanism for moving of the contact points - as the knee is extended. Furthermore, 
there can be hi^ unwanted anterior-posterior shifts in contact points in highly 
confonning designs (Fig. 4). 
THE INVENTION 

It is, therefore, an otgect of the present invention to provide a TKR in which 
the femoral component provides for posterior displacement of the cgntact point with 
flexion and for a coiresponding antoior di^lacement with extension, while 
maintaining adequate stabifity of the joint during such movements. 

According to the present invention, there is provided a total knee replacemoit 
prosthesis uliich conpises:- 

a) a femoral conq)onent having a pair of cond)iar surfaces with a guide 
surface in between the lateral and medial bearing surfaces, which interacts with a guide 
sur&ce on the bearing component noted below. 

b) a tibial plate fixed to the resected upper tibia, the upper surface adapted 
to receive the bearing conQ)onent noted below. 

c) a bearing component interposed between the condylar surfaces and the 
tibial platform, and having dished bearing sur&ces ad^ed to support the femoral 
condylar surfaces and a guide surface projecting from the centre 

which interacts with the above-mentioned guide surface of the femoral component. 

The intercond^ guide surfaces are shaped so that they control the anterior- 
posterior position of the femoral-tibial contact points during flexion-extension OFig. 5). 
With the knee at zero flexion, the contact point is near to or anterior to the centre of 
the tibial bearing surface viewed m the sagittal plane. As flexion proceeds, the 
contact point moves posteriorly so that in full flexion, say 120**, the contact point is 
posterior to the centre of the tiWal bearing surface. The total excursion of the contact 
point from 0-120*" flexion is in the range 10-1 6 mm At each flexion position, there 



is allowed a certain anterior-posterior laxity, which can be up to 3 mm, to avoid rigid 
control of the motion, bat it is part of the design concept that, in some design 
configurations, at some ranges of flexion angle, the condjdar bearing surfaces 
diemselves may comtnne with the guide sur&ces in controffing the contact point 
locatioa 

For illustration purposes, the tiWal guide sur&ce is shown as concave, having 
an anterior and posterior upward sweep, v*idi engages in a convex:guide surface in 
ibe femoral component to control the contact point bcation throughout the flexion 
range. The tibial guide surface may also include lateral and medial surfaces which 
engage with corresponding surfaces ac^acent to the condylar siif&ces of the femoral 
con^>onent.. 

In one embodiment of the invention, the tiWal guide sur&ce is an integral part 
of the bearing conjjonrait (Fig. 6). If the bearing component is fixed to the tibial 
platform, sufficient lack of conformity in the sagittal plane is then required between the 
femoral and tiWal bearing surfaces to allow the anterior-postoior translation of the 
contact points It is also evident that to accommodate relative internal-external 
rotation occuning, further lack of conformity will be required. However, this rotation 
can be accommodated by pivoting the bearing con?)onait on the tibial plate, the so- 
called rotating platform configuration. 

In another embodiment, the tilrial guide surfece may be an integral part of the 
tibial plate, or alternatively is a plastic component fixed relatively to the anterior- 
posterior direction on the tibial plate (Fig. 7). The bearing component may then take 
the form of two plastic bearing components each moveable on the tibial plate. The 
anterior-posterior movements of the bearing components are controlled by the 
intercondylar guide surfeces. If th? tibial guide surfece is narrower in the anterior- 
posterior direction, a single bearing component can be used with an elongated stot on 
the centre. In all these cases, the bearing components may be guided on the tibial 
plate m such a vray as to leave clearance between the sides of the tibial guide surface 
and the bearing conqwnents, to permit combinations of rotational and anterior- 



posterior movements. The guide surface may ako be rotatably mounted on the tihiaJ 
platform in order to provide internal-external rotation of the knee joint to a desirable 
degree. It can be seen in these embodnnrats, represented in Figure 7, that there can 
be close conformity between the femoral and tiUal bearing sur&ces» wfaidi wiD reduce 
the stresses and possibly the long-tenn wear. 
SYNTHESIS OF GPTOE SPRFAfTES 

Ihe aim is to achieve guide surfeces vAdch allow only a small amount of 
anterior-posterior laxity, so as to control the position tfarou^oul the entire range of 
flexion. He method of designing the guide surfaces is by a scries of incremaital 
angular movements of the femoral conq)oncnt as described below widi regard to 
Figures 8-11. 

The geometry at zero flexion is shown in Figure 8. The sagittal outline of the 
bearing surface of the femoral conqx)nent includes a posterior radius RF with centre 0. 
This radius continues to aroxmd the distal point A, and the radius then increases to 
anterior point B. The tibial bearing surface is depicted with a larger radius, to enable 
movement of the femoral component to occur in an anterior-posterior direction. The 
bearing component is shown with minimum thickness MT and is assumed to be fixed 
to the tibial plate of length TL. At zero flexion, the femoral-tflrial contact point is 
located a distance AL from the front of the plate. The posterior displacement of the 
femoral conqxfnent up to maximum flexion is PT. Tliis is rigid body motion of the 
femur. As noted previously, for partially conforming fraioral-tilHal surfaces, the 
displacement of the contact pomts win be greater than FT. 

In this exanople, the guide surfaces in the intcrcondjiar notch are defined sudi 
that the Femoral Guide Surface (FGS) is convex, and the Tibial Guide Surface (TGS) 
is concave. The latter is fixed in an anterior-posterior direction with respect to the 
bearing con^ioncnt and the tibial plate, such that by its interaction with the Femoral 
Guide Surface, the femoral conqwnent can be made to translate relative to the tibia 
The starting point for the shape of the FGS is a circular arc of radius RG and centre P 
which is offset from 0 by a distance EC at an angle of TH from the horizontal As the 
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femur flexes from zero to Tttfl-ginrnm^ it is required that the centre of the femoral 
component 0 displaces posteriorly by PT, moving continuously with flexion. The 
movement can be linear or non-linear with flexion. 

Hie problem is to synthesise the TGS, which is depicted in Figure 8 as a 
concave arc of as yet unspecified shape. The heights of the TGS at the anterior and 
posterior are defined by a stability requirement when the femoral component is subject 
to a shear force, such that the FGS is pressing against the TGS at points C or D. If V 
is the vertical force across the knee and H is the shear force, stability is just achieved 
whenangles ADand ACaregivenby: 

tan (AC) - V/H, tan AD = V/H 

For normal knee forces, the an^es wiD be 200 or more. The angles AC and 
AD do not need to be the same. The height of points C and D about the initial 
contact A is then calculated, HT. It is required that posterior displacement be positive 
for an angular increments, which, by inspection, requires that the line OP lie in the 
third quadrant. 

The following is referred to the XY axis system with origin A. Discrete points 
are calculated around the FGS at small angular increments, so as to closely represent 
the circular arc. 

Points at zero flexion are stored with a Y value below HT, the maximum height 
of the TGS. The femur is then flexed through an angle DF, and displaced a small 
distance posterior^ according to the chosen relation between displacement and flexion 
angle. 

The co-ordinates of all of the points on the FGS are then transformed 
according to a mathematical transformation matrix. 

Again, points are stored widi a Yvahie less than HT. Tlte femur is then fl«cd 
and displaced through a fiuthCT increment; the points on the FGS are again 
transformed, and those with a Y vahie less than HT are stored. This process is 
repeated until the maximum flexion angle FM. T3T)ical increments are 50 up to a 
maximum flexion of 1200. 



At this stage a chistCT of stored points is obtained (Fig. 9). The initial tibial 
guide surface TGS is given by the exterior locus of the points. To determine the 
points on this locus, the following algorithm is used The point with the 
value is determined, L pOL, YL). TTic next poirt in a positive X direction M (XM, 
YM) is found by a searching routine such that the sbpe of LM is a tniniTniim 

This process is continued along the positive X direction until no further points 
can be found. The same process is used to determine the points at X < XL. The 
points can then be connected widi splines to form a smooth curve for the TGS, but for 
this analysis an ^proximation is made with short line segments jpining successive 

points^ with Tnmtmal mOT, 

, It is found that at any general flexion angle, when the FGS is superinqwsed on 
the TGS, there is an anterior and posterior space such that displacements could occur 
and there would not be aunique position of the femur on the tibia. This laxity can be 
reduced as follows. Conceptually it can be visualised that the anterior region of the 
TGS could be formed as the posterior part of the FGS sweeps over at high flexion 
angles. It is possible therefore that this anterior region could be filled by an expanded 
anterior part of the FGS, which would not interfere because it would move out of the 
TGS in early flexion. To examine this possibility, the fennir is flexed from zero to FM 
in the same angular incrments as before, and at cadi angle, each point Q on the FGS 
for YQ < HT is identified (Rg. 10). 

The intersection of PQ with a line segment ST on the TGS is calculated, point 
R. However, there may be an upper limit RMAX for the radius of the FGS based, 
for exan?>le, on the required dnnensions for the patellar groove. Point V is such that 
PV = RMAX. The co-ordinates ofQ are changed according to: 



If PR<RMAX, then XQ XR, YQ = YR 
If PR> RMAX ,then XQ = XV, YQ = YV 
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By carrying out this procedure it is found that the FGS is expanded in both the 
leading and trailing regions. The algorithm assures that expansion of the trailing 
region of the FGS in early flexion is subsequently reduced in late flexion if there is 
interference with the anterior TGS. It is evident that fiirther iterations for either the 
FGS or TGS do not result in any fiirther changes. Evm after this procedure, in 
general, at all angles of flexion, there is still some anterior or posterior laxity possible 
between the FGS and the TGS. 

This laxity is calculated at each of the angular increments (Fig. 1 1). Again, 
eachpoint on the FGS was examined for which YQ< HI. Tte intersection of a 
horizontal line through a line segmmt on the TGS is calculated, and the length QR 
calculated. QR would be the anterior laxity ofthefinmirifpointQ was the first po^^ 
to contact the TGS. The vahies of QR for all points on the FGS to the right of L are 
calculated. The mininnmi value is the relevant value ofthe anterior laxity. 

The values of anterior and posterior laxity at a succession of angular 
mcrements fi"om zero to m^Yiimim flexion are then used to fonnulate criteria for 
determining the best design of the FGS and TGS. The variables were the radms of 
the femoral guide surface RG and the eccentricity angle TH. The first criterion was to 
minimise the arithmetic sum of the laxities. This minimises the overall AP laxity 
throughout motion, but gives equal weight to a small nunaber of large displacements or 
a large number of small displacements. The second criterion was to minimise the sum 
ofthe laxities squared. This is similar to the first criterion but is Iriased against large 
laxities. The third criterion was to minimise the maximum laxity value. The design 
problem is then stated as: 

Determine the optinnmi design ofthe FGS and TGS, according to the three 

criteria, in the ranges of TH between 0 and 60oo, and of RG between 10 and 

1 8 mm based on geometrical considerations. 

It is noted that the eccentricity EC is not treated as a variable, as it is 
determined by the choice ofthe posterior displacement FT and the starting angle ofthe 
FGS, TH. It was found that for all criteria, an eccentricity angle of 30oo gave the least 



laxity. The radius of the FGS made little diflference. The highest laxities occurred at 
the extremes of motion and the least laxities at nrid-range. For eccentricity less than 
30ao, the laxity increased at zero flexion and reduced at full flexion. For eccentricity 
greater than 30oo, the opposite was the case. 

The sagittal geometry of the femoral and tibial bearing surfaces can be 
specified in numerous ways. Certain geometries wiD be more suited to mobile 
bearing confiigurations, notably those with hi^ femoral-titnal conformity^ vAule 
reduced conformity is more suitable for fixed bearing or rotating platforms where 
aniOTor-posteiior translation of the femur on the tibia is required. For the purposes of 
this analysis, the latter are q>ecified (Fig. 12). The distal radius is continued 
posteriorly by 20<jo so that the same femoral-tibial conformity can be maintained 
during a walking cycle. In the mid-range of flexion the smaller radius contacts, while 
in high flexion, an even smaller radius comes into play in an effort to maximise the 
flexion angle of the knee. 

A typical required sequence of femoral-tibial contact points as the knee flexes 
from 0 to 120 degrees is shown in Fig. 13. As the knee moves into extension from 
IS degrees, in many common activities there is a requirement to prevent further 
extension, which is provided by action of the hamstrings or gastrooaermus. To obtain 
efficiency of this action, an anterior contact point is required at 0 degree flexioxt As 
the knee flexes, a contact point just posterior of the centre of the tibial bearing surface 
provxies adequate lever arm for the quadricq)s. Beyond 60 degrees, an increasingly 
posterior contact point further increases the quadriceps lever arm. Finally ^ beyond 
105 degrees, a more rapid posterior translation of the contact point is an advantage for 
maximising the range of flexion. The sequence of contact points is refmsented 
generally, and the predse locations can vary by say 2-3 millimetres from those shown. 

Given a typical sagittal geometry for the femoral and tibial bearing surfaces, 
and the sequence of contact points, the rigid body motion of the femur can be 
determined geometrically. The method for synthesising the TGS for a given FGS has 
been described above. The method can be ilhistrated graphically (Fig. 14). The 
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femur is positioned on the tibial bearing surface in the sequence of positions shown in 
Figure 13. The TGS needs to accommodate the multiple positions of the FGS. The 
TGS is then defined by the locus of the convex side of the multiple FGS positions. 
The anterior and posterior heights of the TGS are defined based on the required 
staWHty, or subluxation height. As dcsaibed previously, the FGS can be subsequently 
modified by adding material at the anterior and posterior, which reduces the laxity at 
the extranes of motion. The resulting FGS and TGS stiBl allow some laxity at the 
extremes, but overall, there is limitation of both anterior and posterior displacements, 
noore especial^ in the mkl-range of flexioiL 

Using the method for generating the femoral and tilrial guile surfaces described 
above, the configuration is shown whidi produces the least overall laxity, regardless of 
which criterion is used (Fig. 15). The FGS is convex and the TGS concave. With the 
knee in extension, there is a small gap allowing the contact point to dide anteriorly. In 
the mid-range of flexion there is complete control of anterior-posterior displacement 
up to 105 degrees. With this basic configuration of the FGS and TGS, a usefiil 
posterior translation of the contact points occur with flCTon, However, at 120 
degrees flexion, the Guide Surfaces do not produce the required posterior translations. 
This example illustrates the problem of obtaining guided motion throughout the entire 
flexion range. 

To obtain more positive control in higher flexion, the eccentricity angle of the 
FGS can be set at 0 degree Le. directed posteriorly, or even at 30 degrees above the 
horizontal (Rg. 1 6). A suitably large postmor displacement of the contact point can 
be achieved, while there is control in both the anterior and posterior directions. The 
posterior ran?) of tiie TGS is shaHower than ideal, but control of posterior 
displacement is not regarded as being quite so important because the contact is likely 
to roll and slide down the slopes of the TGS and the posterior tibial bearing surface as 
the knee starts to extend from tiie fully flexed positioa The comWnation of FGS and 
TGS shown in Figure 16 is effective only after about 7500 flexion. At lower flexion 
angles, anterior-posterior control is lost. 
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A vaiiatioii of the above is achieved by reducing the radius and increasing the 
eccentricity of the FGS (Kg. 17). Here, after around 90* flexion, a high posterior 
displacement can be achieved. The shapes resemble some posterior stabilised designs. 
With an even smaller radius, the FGS and the TGS resemble yet other posterior 
stabilised designs. 

At the opposite end of the flodon range, FGS and TGS suiftces can be 
produced which control the motion in eariy flejdon, but not in late flexion (Fig. 18). 
This is achieved when the eccentricity angle is 90* below the horizontal Anterior- 
posterior control is lost after around 4Sao of flexion. When the radius of the FGS is 
reduced and the eccentricity increased, anterior-posterior control can be adiieved at 
tow flexion (Fig. 19). Tlie anterior displacement is higher, but control is lost at a 
tower flexton angle than the configuration of Figure 18, 

R^aiding utility of the configurations of figures 14-17, those of Figures 14 
and IS are preferred if a high flexion angle is regarded as most important, while those 
of Hgures 16 and 17 are preferred if the muscle lever arms in activities with small 
flexion angles, such as level walking, are regarded as most important. However, none 
of these configurations satisfies the ideal requirements throughout the fiiJl range of 
flexion. Two separate pairs of FGS and TGS surfaces, however, might achieve 
control at both low and high flexions. For cxawplt, if the FGS and TGS of Figure 1 7 
was combined with the FGS and TGS of Figure 19, a bi-lobed convex FGS is 
produced, which generates a W-convex TGS (Rg. 20). TTie interactton of the 
combined FGS with the TGS resembles the action of spur gears. The anterior pair 
controls the anterior-posterior displacemiem from around 0-30 degrees flexion, while 
the posterior pair provides control after about 90oo flextoa It is not possible to 
achieve control in the nridrange of flexion. A disadvantage of the configuration is the 
shallow concavities of the TGS, which could allow subhixation. This would be 
particularly problematic in high flexion, which is known for the tendency of the femur 
to subhix anteriorly when the hamstrings are active. This problem can be addressed 
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to some extent by reducing the radius of the posterior FGS. which generates a higher 
protuberance in the centre of the tibia. 

If the radii of the anterior and posterior FGS's are reduced, the configuration 
shown in Figure 21 is produced. The anterior and posterior concavities of the two 
TGS's disappear, to be replaced by a large central protuberance. As the knee reaches 
hi^ flexion, the contact points displaces posteriorly at a high rate with flexion angle, 
like the action of a posterior stabilised knee, this can be proposed as an advantage. 
As the knee is trought into M extension, the femoral-tibial contact point moves 
anteriorly at a hi^ linear rate with extension, a similar action to that at high flexion. 
Hic advantage of the configuration is that there is a very stable FGS-TGS interaction 
with litfle risk of subhixation or lade of proper engagement, flnoughout the entire 
flexion 

range. Hie disadvantage is that achieving the required contact points towards 
extension will require accurate positioning of both the femoral and tibial components, 
m addition, there is no positive mechanism causing posterior translation of the contact 
points in early flexion, except that due to rolling and sliding down the anterior slope of 
the tibial bearing surfece. 

A satisfectory solution can be reached by again using a double pair of FGS- 
TGS surfaces (Fig. 22). Tht posterior FGS is of small radhis and high eccentricity to 
achieve a high rate of posterior displacement in high flexion. The anterior FGS is of 
medhm radius and eccentricity to provide complete anterior-posterior control in eariy 
flexion. There is an acceptably low rate of anterior displacement with angle so that 
high accuracy of placement of the femord and tibial components is not required. Of all 

the configurations shown hitherto, this is proposed as being the most favourable for 
achieving the overall objectives of Guiding Surfeces. 

Figure 23 ilhistrates one way m which the lateral and medial tibial surfaces can 
be shaped in order to permit transition of the femoral component and at the same time 
to induce rotation in a way which mimmises movement of the natural knee. The 
intercondylar femoral guide siirface is shaped to interact with the tibial guide surfecc 



13 



catrally located between the cond)iar bearing surfaces on the tibial bearing 
conqx)neQt. The interaction is such that in extnision the contact points are centered 
on point E in extension and on point F in flexion. Because there is a greats degree of 
translation on the lateral side than on the medial side, rotation of the femoral 
conqx)nent on the tibia coixq>onent will be biased about an axis displaced towards the 
medial side. 
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CLAIMS 

1. A TOiMiylartotd knee replacemeM prosthesis whicAcon^^ises: 

(a) a fenwralwiBponenl having a pair of condylar surfeces; 

(b) a titnai component having a titnal platform; 

(c) bearing conponents interposed between the condylar surfaces and the 
tibial platform and having dished bearing surfeces adapted to support the femoral 
condylar surfaces, said femoral component having an intercondylar femoral guide 
sur&ce adapted to engage the corresponding tibial guide suifice, said tibial guide 
surfece and said femoral guide surfecc being shsqwd so as to cause the femoral 
conqwnent to be displaced posteriorly during flexion, and displaced anteriorly during 
extension, and said tibial guide surfece being fixed with respect to the tibial platform in 
an anterior-posterior (A-P) direction, 

2. A prosthesis as claimed in Claim 1 where the femoral guide surfece is 
convex and the tibial guide surfece is concave. 

3. A prosthesis as claimed in Claim 1 where there are two pairs of femoral 
and tibial guide surfaces, both the anterior and posterior pairs consisting of convex 
femoral guide surfaces and concave tibial guide surfeces. 

4. A prosthesis as claimed in Claim 1 where there are two pairs of femoral 
and tibial guide surfaces, the anterior and posterior pairs consisting of convex femoral 
guide surfeces of small radhis Oess than 5 mm) and a tibial guide surfece consisting of 
a central post with convec anterior and posterior surfaces. 

5. A prosthesis as claimed in Claim 1 where there are tvvo pairs of femoral 
and tibial guide surfeces, the anterior pair consisting of a convex femoral guide surface 
and a concave tflnal guide surfece, the posterior pair consisting of a convex femoral 
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guide surface of stnall radius (less than 5 mm) and a tibial guide surfecc consisting of 
the posterior surface of a post projecting firom the tibial con5X)nent. 

6. A prosthesis as claimed in any one of the preceding claims in which the 
posterior displacement of the contact point during the fiill range of flexion is in the 
range of 6 to 16 mm. 

7. A prosthesis as claimed in Claims 1 to 6 wherem the tibial guide surface 
is an integral part of the bearing component. 

S. A prosthe^ as claimed in Claims 1 to 6 wherein there is suflGdent 
laxity between the femoral bearing surfaces and the bearing conqwncnt to allow for 
about d: 12 degrees of intemal/extemal rotation. 

9. A prosthesis as claimed in Claims 1 to 6 wherein the bearing 
con^nent is mounted on the tibial platform so as to allow internal-external rotation. 

10. A prosthesis as claimed in Gaims 1 to 6 where two separate lateral and 
medial bearing surfaces are free to slide in an A-P direction on the tiT^ 

11. A prosthesis as claimed in Claims 1 to 6, and Claim 10 where the 
femoral bearing sur&ces are in substantial contact with the tibial bearing surfaces, due 
to anterior notching of the lateral and medial extremes of the femoral bearing surfaces. 

12. A prosthesis claimed in Claims 1 to 6, and Claims 10 and 1 1 w^ere the 
tiWal guide sur&ce is free to rotate on a veitical axis about the centre of the tibial 
plate. 
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